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Abstract 
Resource levelling is amid the top concerns in project management. Due to the improper resource selection profile front to increase 
the number of release and rehire also idle time of resources which facade the undesirable resources. In this paper, improvements
are anticipated to the resource levelling and allocation profile like parabolic instead of rectangular by considering the activities 
such as stretching, shifting, splitting and compressing (i.e., without changing project duration) as in the rectangular resource profile, 
the resource demand is considered to be uniform, which leads to the wasting of resources.  One of the major advantages of the 
parabolic profile is its minimizing the resource requirement. The resource requirement towards the project run increases and peak 
over a period then run down towards the end of the project. An example problem was explained to measure the advantage of 
parabolic over rectangular while keeping the release and rehire also idle time, moment of resource requirement as minimum and 
entropy was nearby value of rectangular profile. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In the present competitive scenario, optimum cost and resources planning is vital for a project.  Resources planning 
involved mobilization of requisite resources like manpower for each activity for the entire project duration. The 
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requirement of manpower can vary over the time depending on the quantum of work. For example, while construction 
of a building; less manpower is required for the excavation, but as the work progresses from excavation to concreting 
more manpower will be required to carry out concreting because it progressively grows from footing to slab, compared 
to the excavation which is a limited activity. As soon as the slab work is completed, the demand of manpower again 
reduces as no work can balance the same number of manpower as required in concreting except the works like floor 
concreting, lintel beam etc. In such cases the demand for the labour continuously keeps changing throughout the 
duration of the project  
Till date, many researchers have been worked on uniform distribution of workforce throughout the activity duration. 
It was firstly attempted (Burges and Killebrew 1962) [2]. Later, (Harris 1978) provided the solution for uniform 
distribution of labour resources throughout the project. An optimization model (Easa 1989) of resource levelling that 
can be used to establish the resource usage that matches as close as possible a uniform or non-uniform histogram. The 
model objective is to minimize the total absolute deviations between actual and desirable resource rates [1].  
In the Packing method (Harris 1990), (Chan et al 1996) activities are listed in a priority order and all possible 
assignments for each are determined [3,4]. Each activity is positioned in the time span where the sum of these quantities 
is minimized. (Kris 1998) developed linear schedules using Integer linear programming. Hiyyasat 2000 developed a 
heuristic method for resource levelling based on minimum moment approach. The heuristic method was compared 
with the traditional one by the means of several hypothetical networks [5]. Later a modified minimum moment method 
was developed by Hiyassat 2001 for multiple resources leveling [6]. A Hybrid genetic algorithm model (Senouci et 
al. 2004) complements the traditional CPM approach by optimizing project schedule and total cost as it performs 
resource levelling [7]. The two new metrics (El-Rayes et al. 2009) for resource levelling and a robust optimization 
model was developed which maximized the efficiency of resource utilization in construction projects. It eliminated 
the undesirable resource fluctuations and resource idle times hence improving the labour productivity and cost 
performance in the construction projects [8]. The work on entropy method for the maximization of the resource 
levelling was introduced by Christodoulou et al. 2010 [9]. Unlike the minimum moment method which does not allow 
for activity stretching or compressing, this method accounts for such possibilities and activity stretching or 
compressing is allowed.  
Most of the author’s previously tried to fit the resource histogram to a rectangular shape by minimizing the moment 
of the histogram; or by using algorithms etc. or by minimizing the resource fluctuations. They have even proposed 
resource fluctuation for some single activities. However, in the case of multiple activities having uniform increase of 
resources till the peak and then a uniform decrease till the project completion all the methods lag behind. In this study, 
an exercise is carried out, using a tentative example by fitting all the activities into parabolic curve so that a smooth 
increase of resources till the peak of project followed by the smooth decrease of resource till end of project is achieved.  
The simplified diagram of resources profile could be observed from this study as given in Fig.1.  
Figure 1: Resources profile. 
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2. Definition of Terminology for Resource Optimization 
2.1. Release and Re-hire (RRH) 
The RRH metric was proposed to calculate the total number of resources that need to be temporarily released during 
low demand period and rehire those resources when it’s required, which is exactly applicable to the resources like 
labour, machineries in construction. This metric is calculated by 3 steps. 
                                        
RRH = H – MRD = HR/2 - MRD                                (1) 
where, H = Resources Demand        
MRD = Maximum Resources demand. 
HR = Daily resources fluctuation.         
2.2. Resource Idle Days (RID) 
The RID metric was designed to quantify the total number of idle and non-productive resource days caused by 
undesirable resource fluctuations. Once can able to calculate the idle days of machinery and labour, divert those kinds 
of resources in some other activities in the project without wasting by proper scheduling.     
            ܴܫܦ ൌ σ ሾܯ݅݊ሼܯܽݔሺݎଵǡ ݎଶ ǥǥݎ௧ሻǡܯܽݔሺݎ௧ǡ ݎ௧ାଵǡ ǥ Ǥ Ǥ ்ݎ ሻሽ െ ݎ௧ሿ்௜ୀଵ               (2)                  
2.3. Minimum Moment Method Resource   
The Minimum moment algorithm was developed to minimize the daily resource fluctuations while maintaining the 
total project duration unaffected (Harris 1978). The objective of this algorithm is to minimizes the daily resource 
fluctuation, resource utilization period, releasing the resource on early date and combination of both (double moment) 
of the resource histogram. The total resource moment Mx (about the horizontal axis, time) can be obtained by summing 
up the individual resource moments about the time axis, which is useful to compare among the histograms in terms of 
resource fluctuations and is given by 
ܯ௫ ൌ σ ݐ כ
ଵ
ଶ
ሺܴ݁ݏ݋ݑݎܿ݁݀݁݉ܽ݊݀ሻଶ       (3) 
2.4 Entropy Maximization 
Entropy, in physics, is a measure of the unavailability of a system’s energy to do work, entropy is a good measure 
of a system’s order and stability, then a higher degree of resource-based entropy optimization should also indicate a 
more ordered and better-executed project. The resource-levelling problem can thus be restated as an entropy-
maximization problem: 
ܪ௫ ൌ෎ ݌௫ ୪୬ሺభ೛ሻ
௫ୀ଴
௫ୀଵ
          (4) 
Where j = resource-type index; nr = number of different resource types used in the project; ri,j = number of units of 
resource type j used on time unit i; nt = number of total time-units in the project (i.e., the project duration); and rT,j = 
total number of units of resource type j used in the project. 
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3.  Methodology 
For the formulation of Parabolic levelling, all the above parameter such as Resources Idle days, Release and Rehire, 
Entropy maximization indicators are needed. Following steps could be used for formation of parabolic levelling curve 
with an arbitrary example as shown in Fig. 1. 
x An arbitrary example of resources levelling problem having activities A to T with tentative durations and 
predecessors. As shown in Figure-1. The Network diagram for the activities is worked out and shown in Figure -
2. The resources schedule diagram for all the activities will be as given in Figure 3. The resources levelling diagram 
showing MRD, RID, RRH which would be calculated in the following steps.  
Figure 2: Network diagram. 
x Maximum Resource Demand (MRD); = 25 
x Release and Re-Hire(RRH); = (0.5*HR) – MRD = (0.5*60) – 25 = 5 
x Resource Idle days (RID)= 25 
x MinimumMoment(Mx)=0.5(92+92+92+92+92+82+82+82+82+82+152+152+152+152+152+252+252+22+252+
252+132+132+132+132+132+162+162+162+162+162+82+82+82+82+82+92+92+92+92+92)= 3913   ? it is not 
necessary? 
x Entropy(HT): =-(1/515)[10*9 ln(9/515) + 10*8 ln(8/515) + 5*15 ln(15/515) + 5*25 ln(25/515) + 5*13 ln(13/515)+ 
5*16 ln(16/515)]= 3.607 
x The area of Resources- days could be calculated as resources required for individual activities and multiply by its 
duration. This value is found as 289 resources – days. 
x Considering 289 resources days, the peak of resources could be calculated in the parabolic equation by substituting 
length as the duration = 31 days and area as 289 resources days. The peak resources were found as 13 from the 
parabolic equation. The peak resources before resources level was 20 nos. Therefore, it is the saving 7 manpower 
by mobilizing resources levelling.  
x The equation of parabola would be formulated as shown in equation-5 and it shown in the Figure 4 and tentative 
parabola curve will be formed on the resources diagram. 
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x Adjust each activity as per its free float and it is to bring back inside the parabola curve. 
x In this problem all the activities could not bring into the free float. So some of the non-critical activities could be 
compressed or stretch its duration or its resources to fit into the parabola. 
Figure 3: Resource Levelling diagram. 
x The final activities schedule would be look like as parabola as given in Figure 5. The final resources profile does 
not have resources idle days, release and re-hire of manpower. 
Y2 = - 0.040x2 + 1.181x + 3.913 R2 = 0.826     (5)  
Figure 4: Resources Levelling Diagram with Parabolic Equation. 
4. Result and Conclusion 
This method significantly minimized undesirable resource fluctuations. Moreover, it could be concluded that the 
existing approach is trying to fit the resource histogram to a parabolic shape for all types of resources. It was observed 
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that there were RRH=5, RID=25, if the activity were plotted on its early start time. Such a resource diagram was 
unacceptable due to much release and rehire of resources also their idle time could increase the project cost. Maximum 
resource requirement in the early start time profile was 25. Further, the iterations were carried out to get the nearby 
boundary of the entropy value for rectangular by considering the activity stretching, compressing and shifting and also 
further reduction of maximum resource requirement has been reduced to 15.  
Figure 5. Final Parabolic Resources Levelling diagram. 
The final resource levelling showed the profile like parabolic in nature with the maximum entropy and minimum 
moment value also their RRH, RID kept zero. The four indices were carried out to get the levelled resource by 
optimizing the resource fluctuation with the proper selection of profile, which could useful in planning and scheduling 
stage of construction. The resource allocation metrics described in this paper is capable of measuring and minimizing 
the undesirable resource fluctuations which otherwise would have many insignificant effects on the overall project.  
In the method of entropy, apart from an activity shifting, activity stretching and compressing applied to increase 
their entropy value while the floats are automatically increases significantly from its original. This method is clear, 
simple and computationally efficient whether it is solved manually or by using computer. 
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